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SS HEHS SflpTTENCES. DIAGNOSTIC AND/OR QUANTIFICATION METHODS 
PEVICgs ESS THE TpPNTIFICATION OF STAPHYLOCOCCI STR A IN S 

Fj^id of t-hp inve ntion 

The present invention refers to new genetic 
sequences, diagnostic and/or quantification methods and 
devices using said sequences for the identification of 
various types of Staphylococci strains as well as the 
therapeutical aspects of said genetic sequences. 

Backgroun d " f the invention 

Increasing incidence of nosocomial infections 
by multiresistant bacteria (even to antibiotics like 
vancomycin) is a world-wide concern. Methicillin-resistant 
coagulase-negative Staphylococci (MR-CNS) and S. aureus 
(MRSA) express a high level cross-resistance to all fi- 
lactam antibiotics (Ryffel et al. (1990), Refsahl et al . 
(1992)). They have an additional low-affinity penicillin- 
building protein, PBP2a (PBP2 ' ) , encoded by the mecA gene. 
The mecA determinant is found in all multiresistant 
staphylococcal species (Chackbart et al . (1989), Suzuki et 
al. (1992), Vannuffel et al . (1995)) and is highly 
conserved among the different species (Ryffel et al . 
(1990) ) . 
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Several other chromosomal sites, in which 
transposon inactivation reduces the level of S-lactam 
resistance, have been identified in S. aureus (SA) 
(Hiramatsu (1992), Berger-Bachi et al . (1992), de Lancastre 
5 et al . (1994)). The appropriate functioning of these 
regulator genes rather than the quantity of PBP2a 
determines the minimal inhibitory concentration value and 
homogeneous expression of resistance of staphylococcal 
isolates (Ryffel et al . (1994), de Lancastre et al . 

10 (1994) ) . r 

The femA-femB operon, initially identified in 
S. aureus, is one of those genetic factors essential for 
methicillin resistance (Berger-Bachi et al . (1989)). It is 
involved in the formation of the characteristic 

15 pentaglycine side chain of the SA peptidoglycan (Stranden 
et al. (1997)). Unlike other regulatory genes, femA was 
shown to retain a strong conservation over time in clinical 
isolates of MRSA, hence confirming its key role in cell 
wall metabolism and methicillin resistance (Hurlimann-Dalel 

20 et al. (1992)). In contrast to mecA, femA-femB is present 
both in the genome of resistant and susceptible SA strains 
(Unal et al . (1992), Vannuffel et al . (1995)). 

Often, identification of the Staphylococci is 
limited to a rapid screening test for 5. aureus, and non-S. 

25 aureus isolates are simply reported as coagulase-negative 
Staphylococci. In fact, these bacteria isolates include a 
variety of species and many different strains (Kleeman et 
al . (1993)). There is little epidemiological information 
related to the acquisition and spread of these organisms. 

30 This is potentially due to the lack of an easy and accurate 
way to identify species and to provide clinically timely 
informations . 
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Several molecular assays designed for 
detecting femA in SA failed to amplify an homologous 
sequence in coagulase-negative Staphylococci (Kizaki et al . 
(1994), Vannuffel et al . (1995)). Nevertheless, low- 
5 stringency heterologous hybridisation analysis suggested 
the presence of such a structurally related gene in 
S. epidermidis (SE) (Unal et al . (1992)). 

These data were followed by complete 
identification and sequence analysis of the femA and femB 
10 open reading frames in S. r epidermidis (Alborn et al . 
(1996)). Intra- and interspecies relatedness of these genes 
and conservation of genomic organisation are therefore 
consistent with gene duplication of one of these genes in 
an ancestral organism and the possibility of femA 
15 phylogenetic conservation in all staphylococcal species 
(Alborn et al . (1996) ) . 

The complete genetic sequence of the femA 
gene de S. epidermidis, the protein encoded by the femA 
gene {FemA) and vectors and micro-organisms comprising 
20 genes encoding the FemA protein are described in the US 
patent 5,587,307. 

Aims of the invention 

The present invention aims to provide new 
25 genetic sequences, methods and devices for the improvement 
of the identification and/or the quantification of various 
types of Staphylococci strains through their femA- like 
determinants, which allow by a rapid screening their 
epidemiological study. 
30 Another aim of the invention is to identify 

similar genetic sequences which may exist in known or not 
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known Staphylococci species or other gram-positive 
bacterial strains . 

A last aim of the present invention is to 
provide new sequences encoding femA proteins of 
Staphylococci species, their femA proteins, vector (s) 
comprising said nucleotide sequences and cell (s) 
transformed by said vector (s) for possible therapeutical 
applications . 

Summary of th e invention 

The Inventors have identified new DNA and 
amino acid sequences from new strains of Staphylococcus 
hominis, Staphylococcus saprophyticus and Staphylococcus 
haemolyticus . Said new nucleotide sequences allow an 
alignment of these new sequences with the femA gene from 
Staphylococci previously described {S. aureus, S. 
epidermidis and S. saprophyticus) . By the alignment of more 
than 2 sequences, preferably more than 4 sequences, the 
Inventors have identified for the first time a consensus 
femA sequence useful for molecular genotyping of different 
Staphylococci species which was not possible previously, 
when only few femA sequences of Staphylococci strains were 
known . 

Therefore, a first aspect of the present 
invention is related to the "consensus" nucleotide sequence 
as represented in the enclosed Figure 3 . With said 
"consensus" nucleotide sequence, the Inventors were able to 
provide oligonucleotides (such as primers or probes) which 
can be used for the genetic amplification, the 
identification and/or quantification of various femA 
sequences which are specific of known or unknown 
Staphylococci species . 
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The femA sequence is known to be involved 
with the biosynthesis of glycin-containing cross-bridges of 
the peptidoglycan and the pept idoglycan organisation is 
also known to be well conserved among various Staphylococci 
5 species and possibly among other gram-positive bacteria. 

Therefore, it is also possible to use the new 
"consensus" femA sequence and said new oligonucleotides 
extrapolated from the alignment of the sequences presented 
in Figure 3, for the molecular genotyping of other 

10 Staphylococci species and possibly other gram-positive 
bacteria. It is also known that the femA sequence is 
similar to the femB sequence. Therefore, these 
oligonucleotides could also be used for the molecular 
genotyping of femB genes of different Staphylococci species 

15 or other gram-positive bacteria. 

Another aspect of the present invention 
concerns the possible therapeutical uses of new femA 
nucleotide sequences isolated from the strains S. hominis f 
S. saprophytics, S. haemolyticus , S. lugdunensis, S. 

20 xylosus, S. capitis, S. schleiferi and S. sciuri having a 
nucleotide or amino acid sequence which presents more than 
85%, preferably more than 90% homology or 100% homology 
with the genetic sequences presented in the Figures 6 to 
13, their complementary strand and functional variants 

25 thereof. Functional variants of said amino acid sequences 
are peptides which contain one or more modifications to the 
primary amino acids sequence and retain the activity of the 
complete and wild type femA molecule. Variants of the 
peptide are obtained by nucleotidic sequences which differ 

30 from the above-identified described sequences by a 
degeneration of their genetic code or are sequences which 
hybridise with said sequences or their complementary 
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strand, preferably under stringent conditions such as the 
ones described in the document Sambrook et al . , §§ 9.47- 
9.51 in Molecular Cloning ; A Laboratory Manual, Cold 
Spring Harbor, Laboratory Press, Cold Spring Harbor, New 
5 York (1989) . 

A further aspect of the present invention 
concerns the recombinant vector (i.e. constructions into 
which the sequence of the invention may be inserted for 
transport in different genetic environments and for 

10 expression in a host cell, sx^ch as a phagemide, a virus, a 
plasmid, a cationic vesicle, a liposome, etc.) comprising 
said nucleotide sequences and their complementary strands, 
or the corresponding RNA sequences, possibly linked to one 
or more regulatory sequences or markers (resistance to 

15 antibiotics, enzyme coding sequences, ...) active into a 
cell . 

Similarly, the nucleic acid sequence 
according to the invention may be obtained by synthetic 
methodology well known by the person skilled in the art, 
20 such as the one described by Brown et al . ("Method of 
Enzymology" , Acad. Press, New -York, No. 68 pp. 109-151 
(1979) ) or by conventional DNA synthesising apparatus such 
as the applied biosystem model 380A or 380B DNA 
synthesiser. 

25 Other aspects of the present invention 

concern the recombinant host (prokaryotic) cell transformed 
by said vector and the purified (possibly recombinant) 
proteins or peptides encoded by said nucleic acid 
sequences, possibly linked to a carrier molecule such as 

30 BSA and obtained by said cells. Said recombinant proteins 
or peptides could be obtained by genetic engineering or 
could be obtained by synthesis (see US patent 5,587,307 
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incorporated herein by reference) and may comprise residues 
enhancing their stability (resistance to hydrolysis by 
proteases, etc.) such as the one described by Nachman et 
al. (Regul. Pept. Vol. 57, pp. 359-370 (1995)). 
5 A preferred vector for expression in a E. 

coli host cell is derived from the E, coli plasmid pET-llA 
available from Novagen Inc. (Catalogue No. 69436-A) . The 
transformation technique used with the above-identified 
vector has been described in the US Patent 5587307. 

A further aspect of the present invention 
concerns the inhibitor (used to possibly treat (with 
addition of antibiotics) antibiotics resistance bacteria) 
directed against said proteins, peptides or nucleic acid 
molecules. Advantageously, said inhibitor is a antibody, 

15 preferably a monoclonal antibody, or an antisense 
nucleotide molecule, such as a ribozyme, which could be 
present in a vector in order to block the expression of 
said femA nucleotide sequences. 

A last aspect of the present invention 

20 concerns the pharmaceutical composition, preferably a 
vaccine, against Staphylococci infections in an animal, 
including a human, comprising a pharmaceutically acceptable 
carrier and a sufficient amount of an active compound 
selected from the group consisting of said nucleic acid 

25 molecules, vectors, recombinant host cells transformed by 
said vector (s), inhibitors (directed against said proteins, 
peptides or nucleic acid molecules) and a mixture thereof. 

Another aspect of the present invention 
concerns oligonucleotides which are (DNA) sequences having 

30 between 15 and 350 base pairs, preferably between 17 and 
250 base pairs (such as primers or probes) obtained from 
the consensus sequence of Figure 3 or its complementary 
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strand. Preferably, said oligonucleotides are primers 
having between 15 and 45 base pairs, more preferably 
between 17 and 25 base pairs. 

According to a first embodiment of the 
5 present invention, said oligonucleotide is a primer having 
between 15 and 45 base pairs, which presents more than 60%, 
advantageously more than 70%, preferably more than 80%, 
more specifically more than 90% homology with (fragments 
of) the "consensus" femA nucleotide sequence (CNS) 

10 identified in the Figure 3. t 

Therefore, the oligonucleotides according to 
the invention are new sequences or preferred fragments of 
known sequences of S. aureus, S. epidermidis or S. simulans 
but not the complete wild type known femA nucleotide^ 

15 sequence. 

Preferably, the oligonucleotide according to 
the invention is selected from the group consisting of the 
following nucleotide sequences : 

ANAATGAANTTTACNAATTTNACNGCNANAGANTT 
20 and more particularly femSl TAATGAAGTTTACAAAATTT or 

femS2 TAATGAAGTTTACNAAATTT 
ATGNCNNANAGNCATTTNACNCANA 

and more particularly femUl ("universal" sequence sense 
of the multiplex PCR) : TGCCATATAGTCATTTACGC 
25 - TAGTNGGNATNAANAANAANNATAANGANGTNATTGC 
GTNCCNGTNATGAAANTNTTNAANTANTTTTATTC 
AATGCNGGNNANGATTGG 

GNAANNGNAANACNAAAAAAGTNNANAANAATGGNGTNAAAGT 
and more particularly fsqlS (et IAS) : 
3 0 AAAAAGTTCAAAAAATGG and fsq2S (and 2 AS) : 

AAAAAGTACAAAAAATGG 

AAGANGANNTNCCNATNTTNNGNTCATTNATGGANGATAC 
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TATATNNANTTTGATGANTA 
AANGANATNGANAAANGNCCNGANAANAAAAA 

and more particularly fsq3S (and 3AS) 
AAAGATATTGAAAAACGA , fsq4S (and 4AS) 

AAAGATATTGAAAAGAGACC , fsq5S (and 5 AS) 

AAAGATATCGAGAAAGAC and fsg6S (and 6AS) 
AAAGACATCGACAAGCGT . 
ANCATGGNAANGAATTACCNAT 

and more particularly fewl (primer for the production 

of a probe and of marked amplicons for reverse 

hybridisation experiment) : GAACATGGTAATGAATTAC 

AATCCNTNTGAAGTNGTNTANTANGCNGGTGG 

AGNTATGCNNTNCAATGGNNNATGATTAANTATGC 

TTTANNGANGANGCNGAAGATGNNGGNGTNNTNAANTTNAAAAA 

and more particularly fem3bio (primer for the 

production of a probe and of marked amplicons for 

reverse hybridisation experiment) 

TTTACTGAAGATGCTGAAGA 

GTTGGNGANTTNNTNAAACC 

and more particularly fem2 (primer for the production 
of a probe and of marked amplicons for reverse 
hybridisation experiment) : GTTGGTGACTTTATTAAACC 
ATGAAATTTACAGAGTTAA (= femASl) 

Said primer (s) will be designated hereafter 

as "universal primer (s) n . 

A further aspect of the present invention 
concerns the oligonucleotide being either a primer or a 
probe as above-described, having between 15 and 350 base 
pairs, preferably between 17 and 250 base pairs, or a 
primer having between 15 and 45 base pairs, more preferably 
between 17 and 25 base pairs, which will be designated 
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hereafter as "specific primer (s)" , having a nucleotide 
sequence which presents less than 50%; advantageously less 
than 40%, preferably less than 30%, more specifically less 
than 20% homology with (fragments of) the "consensus" femA 
5 nucleotide sequence (CNS) identified in the Figure 3 and 
with another femA nucleotide sequence specific for other 
Staphylococci strains. 

Advantageously, said "specific primer" is 
selected from the group consisting of the following 
10 nucleotide sequences : 

- ACAGCAGATGACATCATT 

- TAATGAAAGAAATGTGCTTA 

- ACACAACTTCAATTAGAAC 

- AGTATTAGCAAATGCGG 
15 - ATGCATATTTTCCGTAA 

- CAGCAGATGACATCATT 

- CATCTAAAGATATATTAAATGGA 

- AGTATTAGCAAATGCGGGTCAC 

- C AAC A C AAC T T C AAT TAGAA 

20 

The oligonucleotides according to the 
invention are selected according to their physiochemical 
properties in order to avoid cross-hybridisation between 
themselves. Said primers are not complementary to each 
25 other and they contain a similar percentage of bases GC. 

Said oligonucleotides are used in an 
identification and/or quantification method of one or more 
Staphylococcus species and possibly other gram-positive 
bacteria . 

30 Therefore, another aspect of the present 

invention is related to an. identification and/or 
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quantification method of a Staphylococci species which may 
present resistance to one or more antibiotic (s) # and is 
possibly combined with a method for the identification of a 
resistance to antibiotics, especially p-lactam antibiotics, 
5 (for instance through the identification of a variant of 
the mecA gene as described by Vannuffel et al. (1998)). 

The method for the detection, the 
identification and/or the quantification of a bacteria, 
preferably a staphylococcal species, comprises the steps 

10 of : ' 

- obtaining a nucleotide sequence from said bacteria 
present in a sample, preferably a biological body sample 
obtained from a patient such as blood, serum, dialyse 
liquid or cerebrospinal liquid, or from any other 

15 bacteriological growth medium, 

- possibly purifying said nucleotide sequence from possible 
contaminants , 

- possibly amplifying by known genetic amplification 
techniques said nucleotide sequence with one or more 

20 universal oligonucleotide (s ) (universal primer (s) ) 
according to the invention, and 

- identifying the specific gram-positive bacteria species, 
preferably the specific Staphylocossi species : 

- by a comparative measure of the length of the 
25 (possibly amplified) nucleotide sequence or 

- by reverse hybridisation of the (possibly 
amplified) nucleotide sequence with one or more 
specific oligonucleotide (s) (specific probe (s) or 
primer (s) ) according to the invention which are 

30 specific of said bacteria, said oligonucleotide (s) 

being preferably immobilised on a solid support. 
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The comparative measure of the length of a 
possibly amplified nucleotide sequences can be performed by 
the analysis of their migration (compared with a known 
ladder) upon an electrophoresis gel. 
5 Preferably, the genetic amplification 

technique is selected from the group consisting of PCR (US 
patent 4,965,188), LCR (Landgren et al . , Sciences, 241, pp. 
1077-1080 (1988)), NASBA (Kievits et al . , J . Virol. 
Methods, 35, pp. 273-286 (1991)), CPR (patent WO95/14106) 

10 or ICR. f 

The specific detection of the possibly 
amplified nucleotide sequences can be obtained by the 
person skilled in the art by using known specific gel 
electrophoresis techniques, in situ hybridisation, 

15 hybridisation on solid support, in solution, on dot blot, 
by Northern blot or Southern blot hybridisation, etc. 

Advantageously, the probes which are specific 
of the bacteria are immobilised on a solid support 
according to the method described in the international 

20 patent application W098/11253 incorporated herein by 
reference. 

Said specific oligonucleotides (probes or 
"elongated" primers) have a length comprised between 50 and 
350 base pairs, preferably between 120 and 250 base pairs, 

25 and are fixed to the solid support by a terminal 5' 
phosphate upon an amine function of the solid support by 
carbodiimide reaction (as described in the document 
W098/11253 incorporated herein by reference) . 

The solid support can be selected from the 

30 group consisting of cellulose or nylon filters, plastic 
supports such as 96-well microtiter plates, microbeads, 
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preferably magnetic microbeads, or any other support 
suitable for the fixation of a nucleotide sequence. 

The method according to the invention can be 
advantageously combined with another specific detection 
step of a possible resistance to antibiotics, especially 
p-lactam antibiotics (for instance through the 
identification by the above-described technique of variants 
of the mecA gene as described by Vannuffel et al . (1998)). 

The present invention concerns also a 
diagnostic and/or quantification device or kit for the 
identification and/or the quantification of a 
Staphylococcus species or other gram-positive bacteria, 
comprising the oligonucleotides according to the invention 
and possibly all the media necessary for the identification 
of a (possibly amplified) nucleotide sequence of said 
bacteria through any one of the above-described methods. 

Advantageously, the method and device 
according to the invention are adapted for the 
quantification of said Staphylococci strains by the use of 
a "internal or external standard sequence", preferably the 
one described in the patent application W098/11253 
incorporated herein by reference. 

Therefore, according to a first embodiment of 
the present invention, the nucleic acid sequence from, a 
Staphylococcus species, for instance Staphylococcus aureus, 
is amplified by a "universal primer" and by a "specific 
primer" which is specific for S. aureus. The identification 
of S. aureus will be obtained upon an agarose 
electrophoresis gel wherein the amplified nucleotide 
sequence (shorter than the amplified nucleotide sequence of 
another Staphylococci species such as S. epidermidis) and 
identified by the use of a comparative ladder. 
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According to another embodiment of the 
present invention, a Staphylococcus species (such as S. 
aureus) is identified by reverse hybridisation of the 
amplified nucleotide sequence with a probe which is 
5 specific of said bacteria and which is immobilised on a 
solid support such as filter. 

The present invention will be described in 
details in the following non-limiting examples, in 
reference to the Figures described hereafter. 

10 r 

fifr prt description of the drawings 

The Figure 1 represents 5 partially overlapping fragments 
of the femA genes from S. hominis, 
S. saprophyticus and S. haemolyticus obtained 
15 by PCR amplification. 

The Figure 2 represents the alignment of the nucleotide 
sequences of femA genes from S. hominis, 
S. saprophyticus, S. aureus, S. epidermidis 
and S. haemolyticus . 

2 0 The Figure 3 represents the consensus sequence according 

to the invention. 
The Figure 4 represents the result of differential 
diagnosis between different strains of 
Staphylococci by reverse hybridisation. 
25 The Figure 5 represents amplification of CNS species under 

universal conditions. 
Figures 6 to 13 represent the complete femA wild type 
genetic sequence of the strains S. hominis, 
S. saprophyticus, S. haemolyticus , S. 

3 0 lugdunensis, S. xylosus, S. capitis, S. 

schleiferi and S. sciuri. 



WO 99/16780 



15 



POYBE98/00141 



Examples 

pim ple i ; Sequencing strategy 

Fragments of the femA genes from S. hominis 
and S. saprophyticus have been obtained by PCR. 
amplification, in low stringency annealing conditions. 
Primers used for amplification are matching the potentially 
conserved regions and have been designed according to 
sequences homologies between S. aureus, S. sapropyticus and 
S. epidermidis femA nucleotide sequences. For both S. 
hominis and S. saprophytics species, 5 partially 
overlapping fragments have been synthesised allowing the 
sequencing of the entire femA genes (Fig. 1) . 

pvam ple 2 • Tdenti f-i cation of a consensus sequence 

Alignment of the nucleotide sequences of femA 
genes from S. hominis and S. saprophyticus as well as with 
femA genes sequenced to date from S. aureus (GenBank 
accession number M23918) , S. epidermidis (GenBank accession 
number U23713) and S. haemolyticus is presented in Fig. 3 
and has allowed to propose a "consensus" femA nucleotide 
sequence (CNS) whose genomic organisation displays highly 
conserved regions flanked by variable ones. On this basis, 
interspecies phylogenetic variations could be exploited to 
design genotyping strategies for species -specif ic 
identification of Staphylococci, The "consensus" sequence 
is therefore a powerful molecular tool for specific 
diagnostic of staphylococcal infections. 

Kypm ple 3 ; Seque n cing of other staphylococci femA genes 

The consensus sequence can be exploited for 
designing universal primers allowing the production, under 
permissive annealing conditions, of overlapping PCR 
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products whose sequencing will identify the entire femA 
sequence . 

Exam ple 4 : Differentia l diagnosis between S, aureus i — £^ 

5 r pidermicHn. S. hnminis and S, saprophyti CUZ? by reverse 

hyb^i sation 

The Inventors have set up a reverse 
hybridisation assay for rapid and combined identification 
of the most clinically relevant Staphylococci species, and 

10 their mecA status. Two set^s of primers, chosen in a 
conserved domain of the consensus sequence {bioUl-bioU3 and 
feml-fem3bio) , amplifying a 286 and bio-220 bp fragments, 
respectively) were synthesised. Species-specificity of femA 
amplicons was insured by the genomic variability between 

15 the conserved regions. FemA probes were immobilised on 
nylon strips. Hybridisation was performed with biotinylated 
femA PCR fragments from the strain of interest. The 
strategy was first assessed with ATCC strains (S. aureus, 
S. epidermidis, S. hominis and S. saprophyticus) (Fig. 4). 

20 Specificity was identified by standard methods. Accuracy 
was 100% for species identification. 

py^rp ple 5 : Differential diagnosis between staph ylococcal 
species 

25 This assay is able to identify any 

staphylococcal species if following requirements are 
fulfilled : 

- primers feml, fem2 and fem3bio are universal for 
Staphylococci; 

30 - there is a wide enough phylogenetic variation between any 
CNS species to promote a specific hybridisation. 
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The first requirement is fulfilled for, i.e., 
S. haemolyticus , S. capitis, s. cohnii, S. xylosus, 
S. simulans, S. lugdunensis , S. schleiferi and S. wameri 
strains (Fig. 5) . 

5 

Example £ ; Multiplex — amplification of femA and mecA 

genetic determinants — tor — a molecular diagnosis of a 

specific staphylococcal infection 

A total of 48 patients treated in 4 

10 contiguous intensive cares f units were included in the 
study. Endotracheal aspirates (ETA) were collected from the 
patients and submitted to the multiplex PCR analysis 
according to the technique described by Vannuffel et al . 
(1995) . Clinical specimens were homogenised in 5 ml of TE 

15 buffer (20 mM TRIS HC1 , pH 8.0, 10 mM EDTA) containing 2% 
(w/v) SDS. 

The homogenate (1.5 ml) was then centrifuged 
for 5 minutes at 7500 xg. The cellular pellet was washed 
once with TE buffer lysed in the presence of 1% (v/v) 

20 Triton X-100 and 50 /xg of lysostaphin (Sigma) and incubated 
for 15 minutes at 37 °C. Lysis was completed by adding 100 
/xg of proteinase K (Boehringer) . The lysate was incubated 
for another 5 minutes at 55 °C and 5 minutes at 95 °C, and 
centrifuged at 4000 xg for 5 minutes. 

25 In order to purify bacterial DNA, 200 /xl of 

supernatant were then filtered on a Macherey-Nagel 
Nucleospin C+T® column and eluted with 200 ill sterile H 2 0. 
Two different amounts of DNA suspension (2 /xl and 20 0 /il) 
were submitted to multiplex PCR amplification with the 

30 primers 5 1 -TGGCTATCGTGTCACAATCG-3 1 and 5'- 
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CTGGAACTTGTTGAGCAGAG-3 ' for mecA and the above-described 
primers for femA, yielding different fragments. 

femA and mecA signals were found in specimens 
containing either susceptible S. aureus (n = 10) and 
methycillin-resistant coagulase-negative Staphylococci 

(n = 6) respectively. On the other hand, no signal was 
obtained from ETA gram-negative bacteria (n = 5) as well as 
MS-CNS (n = 6) and from 5 ETA containing normal pharyngeal 

flora. 

This multiplex , PCR strategy for detecting 
Staphylococci in ETA was completed in less than 6 hours 
either on the day of the samples' collection. This is an 
advantage with respect to the time required to conventional 
identification and susceptibility tests (48 to 72 hours). 

Ea amplg : hwlil Nation. — claaing and — a&gusacins of 

gfchar fe>rnA genes 

Two primers were selected among the conserved 

parts of the consensus sequence for the amplification of 
the femA gene. 

These primers are femSl, femS2 and femASl 
(anti-sense primer). ADN from strains of Staphylococcus 
hominis, saprophytics, haemolyticus , lugdunensis, 
schleiferi, sciuri, xylosus, simulans, capitis, gallinarvm, 
cohnii and warneri were amplified from said primers and 
amplification fragments were cloned in the vector pCR®- 
XLTOPO and introduced by electroporation in E. coli cells 
TOP10 (TOPO XL PCR Cloning Kit®, Invitrogen, Carlsbad, CA) . 

Amplified fragments of strain S. lugdunensis, 
c _M pife .; sciuri. xvlosus, and capitis were sequenced by 
Taq Dye Deoxy Terminator Cycle® sequencing on a ABI 277 DNA 
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sequencer® (PE Applied Biosystems, Foster City, CA) by the 
following primers : 
fernS 1 or femS2 or femASl 
fsqlS and fsqlAS 
5 fsq2S and fsq2AS 
fsq3S and £sq3AS 
fsq4S and fsq4AS 
fsqBS and fsqSAS 
fsqSS and fsq6AS 

10 < 

femS1ouS2 fsql ou 2S fsq3, 4, 5 ou 6S 

: > ^ 

•«- -4- <- 

fsql ou 2AS fsq3, 4, 5 ou 6 AS femASl 
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CLAIMS 

1. Oligonucleotide for the specific 
identification of Staphylococci species which nucleotide 
sequence has between 15 and 45 base pairs, preferably 

5 between 15 and 25 base pairs, and which presents more than 
60 % homology with the "consensus" femA nucleotide sequence 

(CNS) of Fig. 3. 

2. Oligonucleotide according to claim 1 for 

the specific identification of Staphylococci species, which 
10 nucleotide sequence has between 15 and 45 base pairs, 
preferably between 17 and 25 base pairs, and which presents 
m ore than 70% homology with the "consensus" femA nucleotide 

sequence (CNS) of Fig. 3. 

3. Oligonucleotide according to claim 1 or 2 
15 for the specific identification of Staphylococci species, 

which nucleotide sequence has between 15 and 45 base pairs, 
preferably between 17 and 25 base pairs, and which presents 
mor e than 80% homology with the "consensus" femA nucleotide 

sequence (CNS) of Fig. 3. 

4. Oligonucleotide according to any of the 

20 n . i to 3 for the specific identification of 
claims l uo J 

Staphylococci species, which nucleotide sequence has 
between 15 and 45 base pairs, preferably between 17 and 25 
base pairs, and which presents more than 90% homology with 
25 the "consensus" femA nucleotide sequence (CNS) of Fig. 3. 

5 oligonucleotide according to any of the 
preceding claims, which is selected from the group 
consisting of the following nucleotide sequences : 
ANAATGAANTTTACNAATTTNACNGCNANAGANTT 

and more particularly TAATGAAGTTTACAAAATTT or 
TAATGAAGTTTACNAAATTT 
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ATGNCNNANAGNCATTTNACNCANA 

and more particularly TGCCATATAGTCATTTACGC 

TAGTNGGNATNAANAANAANNATAANGANGTNATTGC 

GTNCCNGTNATGAAANTNTTNAANTANTTTTATTC 

5 - AATGCNGGNNANGATTGG 

GN AANNGNAAN ACNAAAAAAGTNNANAAN AATG GNG TNAAAGT 

and more particularly AAAAAGTTCAAAAAATGG and 

AAAAAGTACAAAAAATGG 

AAGANGANNTNCCNATNTTNNGNTCATTNATGGANGATAC 

10 - TATATNNANTTTGATGANTA , 

AANGANATNGANAAANGNCCNGANAANAAAAA 

and more particularly AAAGATATTGAAAAACGA, 

AAAGATATTGAAAAGAGACC , AAAGATATCGAGAAAGAC and 

AAAGACATCGACAAGCGT . 
15 - ANCATGGNAANGAATTACCNAT 

and more particularly GAACATGGTAATGAATTAC 

AATCCNTNTGAAGTNGTNTANTANGCNGGTGG 

AGNTATGCNNTNCAATGGNNNATGATTAANTATGC 

TTTANNGANGANGCNGAAGATGNNGGNGTNNTNAANTTNAAAAA 
2 0 and more particularly TTTACTGAAGATGCTGAAGA 

GTTGGNGANTTNNTNAAACC 

and more particularly GTTGGTGACTTTATTAAACC 
ATGAAATTTACAGAGTTAA 

6. Oligonucleotide for the specific 
25 identification of Staphylococci species which nucleotide 
sequence has between 15 and 350 base pairs, preferably 
between 17 and 250 base pairs, and which presents less than 
50% homology with the "consensus" femA nucleotide sequence 
(CNS) of Fig. 3. 

30 7. oligonucleotide according to claim 6 for 

the specific identification of Staphylococci species which 
nucleotide sequence has between 15 and 350 base pairs, 
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preferably between 17 and 250 base pairs, and which 
presents less than 40% homology with the "consensus" femA 
nucleotide sequence (CNS) of Fig. 3. 

8. Oligonucleotide according to claim 6 or 7 
for the specific identification of Staphylococci species 
which nucleotide sequence has between 15 and 350 base 
pairs, preferably between 17 and 250 base pairs, and which 
presents less than 30% homology with the "consensus" femA 
nucleotide sequence (CNS) of Fig. 3. 

9. Oligonucleotide according to any of the 
claims 6 to 8 for the specific identification of 
Staphylococci species which nucleotide sequence has between 
15 and 350 base pairs, preferably between 17 and 250 base 
pairs, and which presents less than 2 0% homology with the 
"consensus" femA nucleotide sequence (CNS) of Fig. 3. 

10. Oligonucleotide according to claim 6, 
being a primer which nucleotide sequence has between 15 and 
45 base pairs, preferably between 17 and 25 base pairs. 

11. Oligonucleotide according to claim 10, 
which is selected from the group consisting of the 
following nucleotide sequences : 

- ACAGCAGATGACATCATT 

- TAATGAAAGAAATGTGCTTA 

- ACACAACTTCAATTAGAAC 

- AGTATTAGCAAATGCGG 

- ATGCATATTTTCCGTAA 

- CAGCAGATGACATCATT 

- CAT C T AAAGAT AT ATT AAATGGA 

- AGTATTAGCAAATGCGGGTCAC 

- CAACACAACTTCAATTAGAA 
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12. Identification and/or quantification 
method of a Staphylococci species, which may present 
resistance to antibiotics and which is present in a sample, 
said method comprising the steps of : 

5 - obtaining a nucleotide sequence from a Staphylococci 
species present in the sample, 

- amplifying said nucleotide sequence with one or more 
oligonucleotide (s) according to the claims 1 to 8, and 

- identifying and possibly quantifying the specific 
10 Staphylococci species : f 

- by reverse hybridisation of the amplified 
nucleotide sequence with one or more 
oligonucleotide (s) according to the claims 9 to 11 
which is (are) specific of said Staphylococci 

is species and is (are) immobilised on a solid support 

or 

- by a comparative measure of the length of the 
amplified nucleotide sequence. 

13. Diagnostic device for the identification 
20 of Staphylococci species comprising the oligonucleotide 

according to any of the preceding claims 1 to 11 and 
possibly all the media necessary for the identification of 
an amplified sequence of said Staphylococci species through 
any one of the methods selected from the group consisting 
25 of in situ hybridisation, hybridisation on a solid support, 
in solution on dot blot, Northern blot, Southern blot, 
probe hybridisation by the use of an isotopic or non- 
isotopic label, genetic amplification or a mixture thereof. 

14. femA genetic sequence which presents more 
30 than 90% homology with a nucleotide or amino acid sequence 

selected from the group consisting of the nucleotide or 
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amino acid sequences represented in the enclosed Fig. 6 to 
13 . 

15. Genetic sequence according to claim 14, 
being the nucleotide sequence of Fig. 6. 
5 16. Genetic sequence according to claim 14, 

being the amino acid sequence of Fig. 6. 

17. Genetic sequence according to claim 14, 
being the nucleotide sequence of Fig. 7. 

18. Genetic sequence according to claim 14, 
10 being the amino acid sequence, of Fig. 7. 

19. Genetic sequence according to claim 14, 
being the nucleotide sequence of Fig. 8. 

20. Genetic sequence according to claim 14, 
being the amino acid sequence of Fig. 8. 

15 21. Genetic sequence according to claim 14, 

being the nucleotide sequence of Fig. 9. 

22. Genetic sequence according to claim 14, 
being the amino acid sequence of Fig. 9. 

23. Genetic sequence according to claim 14, 
20 being the nucleotide sequence of Fig. 10. 

24. Genetic sequence according to claim 14, 
being the amino acid sequence of Fig. 10. 

25. Genetic sequence according to claim 14, 
being the nucleotide sequence of Fig. 11. 

25 26. Genetic sequence according to claim 14, 

being the amino acid sequence of Fig. 11. 

27. Genetic sequence according to claim 14, 
being the nucleotide sequence of Fig. 12. 

28. Genetic sequence according to claim 14, 
30 being the amino acid sequence of Fig. 12. 

29. Genetic sequence according to claim 14, 
being the nucleotide sequence of Fig. 13. 
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30. Genetic sequence according to claim 14, 
being the amino acid sequence of Fig. 13. 
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FIG. 5 



AMPLIFICATION 



of CNS SPECIES under UNIVERSAL CONDITIONS. 
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S. haemolyticus FIG.6a 



■ , , , ^CAAATTTAACAGCTACAGAGTTTGGCAATTATACAGATAAGATGCCA 
^sPheThrAsnLeuThrAlaThrGluPheGlyAsnTyrThrAspLysMetPro 



ATAATGAAGTTTA' 
Met 

90 11° 



70 

TATAGTCATTTCACACAAATGACTGAAAACTATGAGATGAAAGTTGCAAATAAAACAGAA 
^SerSsPhShrGlnMetThrGluAsnTyrGluMetLysValAlaAsnLysThrGlu 

130 

ArTCACTTAGTTGGTATAAAAAATAAAGATAATGAGGTTATTGCAGCCTGCATGTTGACA 

SSSlylleLysAsnLysAspAsnGluVallleAlaAlaCysMetLeuThr 

190 210 ^ 230 

rrAGTACCAGTCATGAAATTTTTTAAGTACTT^TATTCTAACCGAGGACCTGTAATTGAT 
SavS^vSHatLysPhePheLysTyrPheVrSerAsnArgGlyProVallleAsp 



250 



270 



290 



TATGATAATAGAGAGCTTGTTCACTTTTTCTTTAATGAGTTAACAAAG^TTTA^JVA^G 
TATG ,^g G luLeuValHisPhePhePheAsnGluLeuThrLysTyrLeuLysGln 



TyrAspAsr 



310 



330 



350 



aTTG -rCTATATGTTCGAGTTGACCCTT ATTTACCATATCAATATTTAAATCATGAT 
SsWsS^ValArgValAspProTyrLeuProTyrGluTyrLeuAsnHxsAsp 

390 410 

rrTGAAATTACAGGTAATGCTGGTAATGATTGGTTCTTTGATAAGATGAAGCATCTCGGA 
SaSSSGlyAsaAlaGlyAsnAspTrpPhePhaAspLysMetLysHxsLeuGly 



450 



470 



510 530 
490 510 

GTTTTAGATTTAAAAAATAAAACATCTAAAGATATATTAAATGGAATGGATAGTCTA^T 
?SSSspLeu^nL y sThrSer L ysAs P HeLeuA3nGlyMetAspSerLeuArg 

570 590 

filO 650 
610 630 

>r>nr>-h r ttttp TGTTCATTTATGGAAGATACAACCGAAACG AAAGAATTCCAAGAT 
670 

AGAGATGATAGTTTCTATTATAATCGCTATAGA^ 
ArgAspAspSerPhcTyrTyrAsnArgTyrArynisPhe-jrSAsp. 
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730 750 770 

rTAGCTTATATTAAGTTTGATGAGTACATCGAAGAATTACAAAATGAACGTGAAACTTTA 
LeuAlaTyrlleLysPheAspGluTyrlleGluGluLeuGlnAsnGluArgGluThrLeu 

790 81° 830 

AATAAAGATGTTAATAAAGCTTTAAAAGATATTGAAAAACGACCAGACAATAAAAAGGCA 
SnLysAspValAsnLysAlaLeuLysAspIleGluLyBArgProAspAsnLysLysAla 

850 870 890 

TTTAATAAAAAAGAAAATCTTGAAAAACAATTAGATGCCAATCAACAAAAATTAGACGAG 
PheA^nLysLysGluAsnLeuGluLysGlnLeuAspAlaAsnGlnGlnLysLeuAspGlu 

910 930 950 

G r T AAAAAATTACAAGCCGAACATGGTAATGAATTACCAATTTCAGCAGGTTTCTTCTTT 
AuS^LeuGlnAlaGluHisGlyAsnGluLeuProIleSerAlaGlyPhePhePhe 

970 99° 1010 

AT-AA-CCATTTGAAGTTGTTTATTATGCAGGTGGAACTTCTAATAAATATAGACAITTT 
n^nPrSheGluValValTyrTyrAlaGlyGlyThrSerAsnLysTyrArgHisPhe 

1030 "SO 1070 

rrAGGCAGTTATGCTATTCAATGGACAATGATTAACTATGCAATTGATCATGGTATTGAT 
SaGlSer^rASlleGlnTrpThrMetlleAsnTyrAlalleAspHisGlylleAsp 

1090 U« _ 1130 

AGATACAATTTCTATGGTATTAGCGGTAATTTTAGTGAAGACGCTGAAGATGTTGGAGTC 
Arg^rSeSrGlylleSerGlyAsnPheSerGXuAspAlaGluAspValGlyVal 

1150 ^ 1190 

ATTAAATTTAAAAAAGGTTTCAATGCAGACGTAATTGAGTATGTTGGAGACTTTGTGAAA 
n™pS^GlyPheAsnAlaAspValIleGluTyrValGlyAspPheV a lLys 

1210 1230 

CCTATTAACAAACCTTTGTATTCAGTGTATAAGACACTCAAAAAGATTAAAAAAAGATTT 
ProUeAtntysProLeuTyrSerValTyr L ysThrLeuLy S LysIleLysLy S ArgPhe 

1270 1290 



AAT^AAAGAGGGGAATAGACGAATATGAAATTTACAGAGTTAAAC 
AsnEndArgGlyGluEndThrAsnMetLysPheThrGluLeuAsn 



FIG. 6b 
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S. lugdunensis fig. 7a 

10 30 50 

ACRGCAAATGAATTCGGTGATTTCACAGATCAAATGCCATATAGTCATTTTACTCAAATG 

ThrAlaAsnGiuPheGlyAspPheThrAspGlnMetProTyrSerHisPheThrGlnMet 



70 



90 HO 



AACTATAATTTAAAAGTTGCCGAAAAAACAGAAACACATTTAGTTGGTGTTAAA 
ThrGlyAsnTyrAsnLeuLysValAlaGluLysThrGluThrHisLeuValGlyValLys 



ACAGGT 



130 



150 1^0 



AATAATAATAACGAAGTAATTGCAGCATGTTTATTGACAGCTGTACCAGTCATGAAGTTT 
AsnAsnAsnAsnGluVallleAlaAlaCysLeuLeuThrAlaValProValMetLysPhe 



190 



210 230 



TTTAAATACTTTTACAGCAATAGAGGCCCAGTTJATAGATTATGCTAACCAAGAACTTGTA 
PheLysTyrPheTyrSerAsnArgGlyProVallleAspTyrAlaAsnGlnGluLeuVal 

250 270 290 

CATTTTTTC^TTAATGAGCTAACTAAATATTTAAAAAAGTATAACTGTCTCTATGTCCGC 
HisPhePhePheAsnGluLeuThrLysTyrLeuLysLysTyrAsnCysLeuTyrValArg 

310 330 350 

ATAGATCCATACTTACCTTATCAATATAGAGACCATGACGGTAATATAACGGCAAATGCT 
neLpProTyrLeuProTyrGlnTyrArgAspHisAspGlyAsnlleThrAlaAsnAla 

390 410 



370 



GGCAATGATTGGTTTTTCAATAAAATGGAACAACTCGGATACCATCATGATGGCTTTACA 
^SspTrpPhePheAsnLysMetGluGlnLeuGlyTyrHisHisAspGlyPheThr 



GlyAsr 



430 "0 



ACAGGATTTGATCCAATATTACAAATCAGATTCCATTCTATTCTTAATTTAAAGGATAAG 
SlyPheAspProIleLeuGlnlleArgPheHisSerlleLeuAsnLeuLysAspLys 

490 510 530 

ACAGCTAAAGATGTTTTAAATAATATGGATAGTTTACGTAAAAGAAATACCAAAAAAAGT 
SS^AspValLeuAsnAsnMetAspSerLeuArgLysArgAsnThrLysLysSer 

550 "° 590 

TCAAAAAATGGAGTCAAAGTAAAGTTCCTTACTGAAGAAGAACTACCTATCTTTCGTTCA 
SeSy^nGlyValLysValLysPheLeuThrGluGluGluLeuProIlePheArgSer 

610 «0 650 

TTTATGGAGCAGACGTCAGAATCTAAAGAATTCTCTGATAGAGACGACCAATTTTATTAC 
P^GlSnThrSerGluSerLysGluPheSerAspArgAspAspGlnPneTyrTyr 

670 690 710 

AATCGCTTTAAGTACTATAAAGATAGGGTGCTTGTGCCTCTAGCATATTTAAAATTTGAT 
^S^e^rTyrLysAspArgValLeuValProLeuAiaTyrLeuLysPheAsp 
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730 



750 770 



GAATATATAGAAGAACTAACGAATGAACGACAAACTTTAGAAAAAGATTTAGGCAAAGCA 
GluTyrlleGluGluLeuThrAsnGluArgGlnThrLeuGluLysAspLeuGlyLysAla 

790 810 830 

CTTAAAGACATTGAGAAACGACCAGATAACAAAAAAGCTTATAATAAACGAGACAACCTA 
LeuLysAspIleGluLysArgProAspAsnLysLysAlaTyrAsnLysArgAspAsnLeu 

850 870 890 

CAACAACAACTCGATGCCAATCAACAAAAGTTAAATGAGGCTAATCAGTTACAAGCGGAA 
GlnGlnGlnLeuAspAlaAsnGlnGlnLysLeuAsnGluAlaAsnGlnLeuGlnAlaGlu 

910 930 950 

CACGGTAATGAGTTACCTATCTCTGCCGGTTTCTTTATTATTAATCCGTTTGAAGTTGTA 
HisGlyAsnGluLeuProIleSerAlaGlyPhePhellelleAsnProPheGluValVal 



970 



990 1010 



TACTACGCTGGAGGTACCGCTAATAAATATCGTCATTTTGCAGGTAGTTACGCGGTTCAG 
TyrTyrAlaGlyGlyThrAlaAsnLysTyrArgHisPheAlaGlySerTyrAlaValGln 

10 30 1050 1070 

TGGACTATGATTAACTATGCTATCGAACACGGCATAGACAGATATAATTTCTACGGCATT 
TrpThrMetlleAsnTyrAlalleGluHisGlylleAspArgTyrAsnPheTyrGlylle 



1090 



1110 1130 



AGTGGAAACTTCTCAGATGATGCTGAAGACGCAGGTGTCATTCGCTTTAAAAAAGGTTAT 
SerGlyAsnPheSerAspAspAlaGluAspAlaGlyVallleArgPheLysLysGlyTyr 



1150 



1170 H90 



GGTGCAGAAGTGATTGAATACGTTGGTGATTTTGTAAAACCTATAAATAAACCTATGTAT 
GlyAlaGluVallleGluTyrValGlyAspPheValLysProIleAsnLysProMetTyr 



1210 



1230 1250 



AAACTTTATTCAGTGTTAAAACGAATTCAAAATAAGCTATAGAGGAGAATGGATTAATTA 
LysLeuTyrSerValLeuLysArglleGlnAsnLysLeuEndArgArgMetAspEndLeu 

1270 

TGAAATTTACAGAGTTTAAC 

EndAsnLeuGlnSerLeu tU^jJD^ 
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10 30 50 

ACGCAAAAGAGTTTGGGTGCATTTTCAGATAAAATGCCAAATAGCCATTTCACGCAAATG 
ThrGlnLysSerLeuGlyAlaPheSerAspLysMetProAsnSerHisPheThrGlnMet 

70 90 110 

GTAGGGAATTATGAATTGAAAATTGCAGAAAGTACTGAAACACATTTAGTAGGTATAAAA 
ValGlyAsnTyrGluLeuLysIleAlaGluSerThrGluThrHisLeuValGlylleLys 

130 150 170 

AACAATGATAATGAAGTCATTGCAGCTTGTTTATTAACTGCAGTACCAGTAATGAAATTC 
AsnAsnAspAsnGluVallleAlaAlaCysLeuLeuThrAlaValProValMetLysPhe 

X90 210 230 

TTTAAGTATTTTTATACTAATAGAGGTCCGGTl^TAGATTTTGAAAATAAAGAATTAGTG 
PheLysTyrPheTyrThrAsnArgGlyProVallleAspPheGluAsnLysGluLeuVal 

250 2 70 290 

CATTACTTTTTCAATGAACTATCTAAATATGTGAAAAAACATAATGCGCTTTATTTAAGA 
HisTyrPhePheAsnGluLeuSerLysTyrValLysLysHisAsnAlaLeuTyrLeuArg 



310 



330 350 



GTTGATCCTTATTTAGCATATCAATACCGTAATCATGATGGTGAGGTATTGGAAAATGCA 
ValAspProTyrLeuAlaTyrGlnTyrArgAsnHisAspGlyGluValLeuGluAsnAla 

370 390 410 

GGACATGATTGGATTTTCGATAAAATGAAGCAGCTTGGATATAAACACCAAGGATTTTTA 
GlyHisAspTrpIlePheAspLysMetLysGlnLeuGlyTyrLysHisGlnGlyPheLeu 



430 



450 470 



ACTGGTTTCGATTCAATTATTCAAATTAGGTTCCACTCTGTACTGGATTTAGTAGGTAAA 
ThrGlyPheAspSerllelleGlnlleArgPheHisSerValLeuAspLeuValGlyLys 



490 



510 530 



ACTGCTAAAGATGTACTAAATGGTATGGATAGTTTACGTAAACGTAATACTAAAAAAGTA 
ThrAlaLysAspValLeuAsnGlyMetAspSerLeuArgLysArgAsnThrLysLysVal 



550 



570 590 



CAAAAAAATGGCGTGAAAGTAAGGTTCTTAAGGGAAGATGAGTTGCCAATTTTCCGTTCA 
GlnLysAsnGlyValLysValArgPheLeuArgGluAspGluLeuProIlePheArgSer 

610 630 650 

TTCATGGAAGATACATCTGAAACTAAAGACTTTGACGATAGAGACGATGGCTTTTACTAC 
PheMetGluAspThrSerGluThrLysAspPheAspAspArgAspAspGlyPheTyrTyr 



670 



690 710 



AATAGATTAAGGTATTATAAAGATCGCGTATTAGTACCTCTAGCTTATATGGATTTCAAT 
AsnArgLeuArgTyrTyrLysAspArgValLeuValProLeuAlaTyrMetAspPheAsn 
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GA ACTAAGCTAGAATGAAATTTACAGAGTTAAACC 
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^XCGATTAAAATACTTTAAAGATAGAGTATTAGTACCATTAGCATATGTTGACTTCGAT 



670 

730 "0 _ "0 

GAGTATATTGAAGAACTTAATAATGAAAGAGATGTTCTTAATAAAGATTTAAATAAGGCG 
G^rlSluGluLeuAsnAsaGluArgAspValLeuAsnLysAspLeuAsnLysAla 

790 810 ^ 830 

CTCAAAGATATTGAGAAGAGACCTGATAATAAGAAAGCTTATAACAAAAGAGATAATCTT 
SSy^AipneGluLysArgProAspAsnLysLysAlaTyrAsnLysArgAspAsrxLeu 



850 



870 



890 



CAACAACAACTAGATGCAAATCAACAAAAAATTGATGAAGCTAAAAACTTACAACAAGAA 
GlnGlnGlnLeuAspAl aAs nGlnGlnLy s 1 1 ^AspGluAl aLysAsnLeuGlnGlnGlu 



930 



950 



910 

CATGGTAATGAATTACCTATTTCAGCTGGATATTTCTTCATTAATCCGT^GAAGTTGTT 
HisGSAtSluLeuProIleSerAlaGlyTyrPhePhelleAsnProPheGluValVal 

970 "0 1010 

TATTACGCAGGTGGCACATCGAATCGTTATCGTCACTATGCCGGAAGT^TGCAATTCAA 
^SrSaGlyGlyThrSerAsnArgTyrArgHisTyrAlaGlySerTyrAlalleGln 

1030 

1110 1130 

1170 1190 
1150 11/u 
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AATTATGAAATTTACAGAGTTAA 
AsnTyrGluIleTyrArgVal 
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10 30 50 

ACGACGGCTGAATTTGGTGCGTTTACAGATCAAATGCCATATAGCCATTTCACGCAAATG 
ThrThrAlaGluPheGlyAlaPheThrAspGlnMetProTyrSerHisPheThrGlnMet 



70 



90 HO 



GTAGGGAACTATGAATTAAAGGTTGCTGAAGGTGTTGAAACACATCTTGTCGGCATTAAA 
ValGlyAsnTyrGluLeuLysValAlaGluGlyValGluThrKisLeuValGlylleLys 

130 150 170 

GATAACAACAATAACGTACTAGCAGCATGTTTACTGACAGCAGTGCCAGTAATGAAGTTT 
AspAsnAsnAsnAsnValLeuAlaAlaCysLeuLeuThrAlaValProValMetLysPhe 



190 



210 230 



TTTAAATATTTTTATTCAAACCGCGGACCAGT^ATGGACTACGAAAATAAAGAGCTCGTT 
PheLysTyrPheTyrSerAsnArgGlyProValhetAspTyrGluAsnLysGluLeuVal 

250 270 290 

CATTTCTTTTTTAATGAACTTTCAAAATATGTTAAGAAATATCACGCATTGTATTTGAGA 
HisPhePhePheAsnGluLeuSerLysTyrValLysLysTyrHisAlaLeuTyrLeuArg 

310 330 350 

GTAGACCCTTATTTACCAATGT7AAAGCGAAACCATGATGGTGAAGTGATTGAAAGATAC 
ValAspProTyrLeuProMetLeuLysArgAsnHisAspGlyGluVallleGluArgTyr 



370 



390 410 



GGCAGTGACTGGTTTTTTGATAAAATGGCTGAATTAAACTTTGAACATGAAGGTTTCACA 
GlySerAspTrpPhePheAspLysMetAlaGluLeuAsnPheGluHisGluGlyPheThr 



430 



450 470 



ACTGGGTTTGATACAATAAGGCAAATTCGTTTTCATTCTGTGCTCGATGTTGAAAATAAA 
ThrGlyPheAspThrlleArgGlnlleArgPheHisSerValLeuAspValGluAsnLys 



490 



510 530 



ACATCAAAAGACATCTTAAATCAAATGGATAATTTAAGGAAAAGAAATACGAAA^GTA 
ThrSerL 



cLysAspIleLeuAsnGlnMetAspAsnLeuArgLysArgAsnThrLysLysVal 



550 



570 590 



CAGAAAAATGGTGTGAAAGTCCGCTATCTAAACGAAGATGAATTACATATTTTCCGTTCG 
GlnLysAsnGlyValLysValArgTyrLeuAsnGluAspGluLeuHisIlePheArgSer 



610 



630 650 



TTTATGGAAGATACATCTGAAACAAAAGATTTTGTAGATAGAGATGACGATTTTTATTAT 
PheMetGluAspThrSerGluThrLysAspPheValAspArgAspAspAspPheTyrTyr 

r r,fs Tift 

670 oyv 

CATCGTATGAAATACTATAAAGATCGTGTCCGCGTACCACTAGCGTATATTGATTTTAAT 
HisArgMetLysTyrTyrLysAspArgValArgValProLeuAlaTyrlleAspPheAsn 
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790 810 830 
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GAGCAACAACTAGAAGCGAATCAAGCTAAAATAAAAGAAGCAGAAA^TTGC^CTTAAA 
GluGlnGlnLeuGluAlaAsnGlnAlaLysIleLysGluAlaGluThrLeuGlnLeuLys 
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rACGGTGACACATTACCGATTTCGGCTGGATTCT 
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TATTATGCAGGCGGCACAGCAAACGAATTTCGTCATTTTG^ 
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TGGGAAATGATTAATTATGCGATTGATTAT^ 
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AGAAGGGGATTTATTGGTATGAAATTTACAGAGTTAA 
ArgArgGlyPhelleGlyMetLysPheThrGluLeu 
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